The role of socio-economic status (SES) in fruit juice and fruit drink consumption is not well understood in a Canadian context. This study examines the relationship between SES and Canadian fruit juice and fruit drink consumption.
T
here is a growing body of evidence on the adverse health impacts of high sugar consumption, including obesity, type 2 diabetes and tooth decay. 1, 2 The 2015 World Health
Organization (WHO) Guidelines on Sugar Intake for Adults and Children recommend that no more than 10% of daily calories be consumed from free sugars (i.e., sugars added to foods/drinks as well as "sugars naturally present in honey, syrups, fruit juices and fruit juice concentrates"), with reduction to below 5% of daily caloric intake suggested for additional health benefits. 3 In the most recently available cycle of the Canadian Community Health Survey (CCHS)-Nutrition in 2004, sugar (naturally occurring and added) comprised on average 20% of the daily calories consumed by Canadians; 4 subsequent analysis has suggested that added sugars account for over half of total sugar intake, with Canadians obtaining an average of 11%-13% of total energy intake from added sugars. 5 Among Canadians aged 19 and older, over 10% of total sugar intake was obtained from free sugars found in fruit juices and fruit drinks (no differentiation is made between these two beverage categories on the CCHS), with an average of over 15% among children aged 9-18. 4 Therefore, lowering Canadians' fruit juice and fruit drink consumption represents a potential target for reducing sugar consumption below acceptable WHO guidelines. Although fruit juices offer more nutritional benefit than fruit flavoured drinks, and 100% fruit juices have none of the added sugar that is present in sweetened fruit juices and fruit drinks, all three types of fruit beverages are considered sources of free sugars which show evidence of risk to health. 3, 6 As such, Health Canada issued a statement in 2015 that having more than the Canadian Food Guide serving of one 125 mL serving of fruit juice per day may lead to too much sugar intake, depending on age, sex, and other foods consumed. 7 Dissemination of health-related knowledge about the high sugar content of fruit juice can improve Canadians' health literacy and may help reduce fruit juice consumption. 8 However, as environmental factors like accessibility have been shown to play a significant role in fruit and vegetable (FV) intake at a community level, 9, 10 it is important that Canadians knowledgeable about the high sugar content of fruit juice are also provided with access and financial incentives to purchase lower sugar alternatives (like whole FV) at their local store. In Canada, lower socio-economic status (SES) has been associated with lower access to FV 11, 12 and consuming lower amounts of fruit. 13 Fruit juices have been reported to be cheaper than fruit 14, 15 and are usually available in convenience stores that tend to be more prevalent in low-SES neighbourhoods, where there may be limited access to supermarkets selling whole FV. 10 Lower SES may therefore be associated with higher fruit juice consumption because of juice's affordability to the consumer. As such, this study investigates if household income level, adjusted at the health region level (as the best indicator of FV accessibility at a "neighbourhood" level), is associated with the daily rate of fruit juice and fruit drink consumption among Canadians.
METHODS

Study design
The Canadian Community Health Survey (CCHS) is a populationbased, cross-sectional health survey conducted by Statistics Canada over a two-year survey cycle. 16 The 
Analytic sample
The analysis included CCHS participants residing in the 10 provinces; participants residing in the 3 territories were not included in the Statistics Canada derived variable of health region-adjusted household income level. Approximately 10 000 respondents living in the 10 provinces were not included in the categorical ranking of household income level, adjusted at the health region level (explanatory variable); these participants were grouped in the "Missing" Category of income decile for analysis, which has been done previously with CCHS data. 17 Participants with invalid responses (Don't know, Refusal, Not Stated) to the outcome variable or at least one potential confounding variable were excluded. A total of 103 125 respondents were included in the final analytic sample, reflecting 85% of sampled respondents from the 10 provinces (Figure 1 ).
Study variables
Household income and food security status are both commonly used as SES surrogate measures in health studies, and are associated with Canadian FV consumption 18, 19 and with each other in Canada. 19 From an epidemiologic perspective, these relationships make it important to only include one of these measures in an etiologic model of fruit juice and drink intake to avoid a biased SES effect estimate. While food security measures the ability of an individual to have physical and economic access to food that meets their dietary needs, 20 the decision to consume added sugar in fruit juice and fruit drinks represents a more subtle dietary difference that is likely of less relevance to an individual who is food-insecure. A socioeconomic influence affecting one's fruit juice and fruit drink intake Figure 1 . Selection of study sample from Canadian Community Health Survey (2011-2012) respondents to investigate association between household income and fruit juice consumption is therefore hypothesized to be more detectable by income level than by food security status. In the CCHS (2011-2012), each respondent was asked for a numerical estimation of total household income from all sources in the past 12 months. Statistics Canada created a ratio of the reported total household income to a low-income threshold. The lowincome threshold was an amount designated by the Survey of Labour and Income Dynamics (2010) at which a family would typically spend a larger portion of its income than the average family (of the same household size and community size) on the necessities of food, shelter and clothing. 21 The three derived variables consisted of 10 evenly distributed, ordered groupings ("deciles") of household income ratios at a national, provincial or health region level. Health region-adjusted household income decile, the explanatory variable, provides a comparison of a respondent's household income relative to that of other respondents in the same health region, for each of the 107 health regions in the 10 provinces. The outcome variable is a continuous measure of the selfreported daily frequency (number of times, not servings) of fruit juice and fruit drink consumption. Respondents were free to answer this question in terms of average daily, weekly, monthly or yearly consumption; Statistics Canada converted all responses to daily frequencies, rounding to the nearest tenth of daily frequency. Previous research on self-reported food intake suggests the potential for over-reporting healthful food intake. 22 While this is a potential source of bias in this study, as fruits, vegetables and fruit juice are generally perceived as healthful, there is no plausible reason to assume a substantial differential bias by income level. Thus, this analysis may produce a more conservative estimate of the relationship between SES and fruit juice/drink consumption among Canadians. Potential confounders include those found to be significantly associated with free sugar consumption in the 2004 CCHSNutrition Survey, including age (12-17, 18-29, 30-49, 50-69, 70 or older), sex (male versus female), and diabetes status (diabetic versus non-diabetic). Total FV consumption (daily frequency), education level (<secondary school, secondary school completion, or some/completed post-secondary education), racial identity (white versus visible minority) and physical activity (any physical activity in the last three months versus not) were identified as potential confounders as they have been independently shown to be significantly associated with both consumption of fruit juice/ drinks and income.
Analysis plan
Multivariable gamma regression was used to model the continuous frequencies of daily fruit juice/drink consumption (rounded to the nearest tenth of a decimal place by Statistics Canada). Because gamma regression models cannot handle "0" values, all respondents reporting no consumption of fruit juices/drinks were modeled with "0.001". Multivariable negative binomial regression was used (multiplying reported fruit juice/drink frequencies by 10 to achieve whole number counts) to check the robustness of the results. All analyses were conducted using SAS, version 9.3 (SAS Institute Inc., Cary, NC). Sampling weights provided by Statistics Canada were used to provide point estimates that are representative of age groupings and sex of Canadians in each health region and generate variance estimates that account for the non-random sampling strategy used for the CCHS. The CCHS is conducted under the authority of the Statistics Act that requires that the data be kept private and confidential. 23 Sensitivity analyses with household income decile adjusted at a national and provincial level were conducted to determine if the association between SES and frequency of fruit juice/drink consumption was attenuated at a larger geographic scale. Further sensitivity analysis included chi-square and t-tests for differences in proportions/means of covariates between the full sample and the final analytic sample containing only those with valid responses for health region-adjusted income decile. Last, multivariable gamma regression was also conducted without including daily FV frequency in the model to determine its impact on the study findings.
RESULTS
The analytic sample contained slightly more females (51%) than males, and was primarily comprised of individuals who identified their ethnicity as white (78%). Only a small percentage of the sample reported a diagnosis of diabetes (6%). In over 9 out of 10 households (94%), a family member had completed at least secondary school education. One third of the sample were aged 30-49 years, with a smaller proportion of respondents in the youngest age group of 12-17 years (8%) and the oldest age group of 70+ years (10%) ( Table 1) .
While respondents reported daily frequencies of fruit juice/drink consumption ranging from 0 to 20 times per day, the distribution was highly skewed toward lower frequencies of consumption. The overall median of daily fruit juice/drink consumption among Canadians living in the 10 provinces was 0.35 times per day (95% CI: 0.34-0.36). Approximately four fifths of sample respondents consumed fruit juice/drinks no more than once per day, and approximately one fifth of sample respondents never consumed fruit juice/drinks. The frequency of daily total FV consumption had an overall median of 4.33 times per day (95% CI: 4.30-4.37). An average of 15% of daily FV intake among the study sample was obtained from fruit juice.
Bivariable analyses showed that health region-adjusted household income level was strongly associated with food security status (p < 0.0001). Food security status was not a significant predictor of fruit juice/drink consumption (p = 0.8) while household income level was statistically significant (p < 0.0001). Compared to Canadians of high SES, those of low SES had a lower daily rate of whole FV consumption and a higher daily rate of fruit juice/drink consumption in bivariable analyses (Table 1) .
For the main research question, a decreasing relative rate of daily fruit juice/drink consumption was found as SES decile increased, using gamma regression. This result is nearly identical to related rates found using negative binomial regression. In the unadjusted model, the consumption of fruit juice/drinks generally increased in a stepwise fashion with decreasing household income. Compared to the highest household income level, the relative rate of daily SES AND FRUIT JUICE CONSUMPTION IN CANADA fruit juice/drink consumption was 1.13 (95% CI: 1.09-1.18) times as frequent in income decile 1. After adjusting for the confounding effects of age, sex, race, highest level of education in the household, diabetes status and engaging in physical activity within the last three months, the relative rates of fruit juice/drink consumption of each household income decile remained approximately the same as in the unadjusted model (Table 2) . However, by also controlling FV consumption, the relative rates of fruit juice/drink consumption of each household income decile increased slightly (Table 2 ). In the adjusted model, Canadians in the lowest decile consumed fruit juice/drinks at an average daily rate of 1.18 times (95% CI: 1.14-1.23) the average daily rate of Canadians in the highest income decile. In the adjusted model, the relative rates of most household income deciles (with the exception of deciles 8 and 9) excluded "1" when compared to the highest household income decile. In addition, the relative rate estimates followed a consistent, decreasing trend moving along to higher income deciles in unadjusted and adjusted models.
Sensitivity analyses revealed the same, negative stepwise trend between increased fruit juice consumption and both nationallyadjusted and provincially-adjusted decreased household income decile variables ( Table 2) . The model fit of the nationally-adjusted SES measure and the provincially-adjusted SES measure were both substantially less than the health region-adjusted measure, based on the Akaike Information Criteria (AIC). Including FV daily intake frequency in the model increased the relative rates of fruit juce/ drink consumption by income deciles compared to leaving this variable out of the model ( Table 2) . Examination of the AIC also showed a better model fit by including FV daily frequency of intake versus not. Statistical testing showed no significant changes in the proportions/means of covariates by excluding missing values for health region-adjusted income decile (results of statistical tests not shown).
DISCUSSION
The results of this study support the primary research hypothesis of an increasing rate of fruit juice consumption among Canadians with decreasing SES, measured at the health region level. The inverse relationship between household income level and fruit juice consumption matches with recent results from the US 25 and
suggests an important role of the local "food environment" on fruit juice consumption. [9] [10] [11] 26 Previous research in a Canadian context has noted that food availability, food quality and food affordability are better predicted at a smaller geographic scale. 27 Fruit juice consumption is positively associated with FV consumption, suggesting that Canadians consuming fruit juice are, on average, eating more fruit and vegetables. However, the relationship between income decile and fruit juice consumption is strengthened when controlling for FV consumption, which signals that, irrespective of intake of FV, fruit juice consumption is higher among those with lower income. Therefore, other factors than those that influence FV intake, such as health consciousness, may be affecting fruit juice consumption. We suspect that affordability plays a role in consumption of fruit juice; the cost of food in general has been ranked as the second most influential factor in food decisions, behind taste. 28 In regards to consumer spending, juices have been shown to be one of the most responsive food groups to price changes, 29 and fruit juice has been reported to be less expensive than whole fruit on a cost per calorie basis. 
SES AND FRUIT JUICE CONSUMPTION IN CANADA
Sensitivity analyses showed a consistently negative stepwise trend with provincially-and nationally-weighted measures of Canadian SES; however, health region-weighted SES was the best geographical SES predictor of fruit juice consumption, based on model fit criteria. The improved model fit at the health region level, relative to the provincial and national level, provides further evidence of "neighbourhood"-level environmental impacts on fruit juice consumption.
Limitations
There are limitations in this study. The CCHS 2011-2012 does not differentiate between different types of fruit juice, i.e., fruitflavoured drinks, sugar-sweetened fruit juice, or 100% unsweetened fruit juice. While all three sources contain "free sugar", only the latter is currently listed as a valid serving of fruits and vegetables by Health Canada. 7 Evidence on the adverse effects of free sugars from 100% fruit juice is mixed 6 while that in relation to sugar-sweetened juices and drinks is substantial. 30 Future studies that differentiate between these different subcategories of fruit juice may shed light on different strengths of association with SES of relevance to public health interventions. The CCHS 2011-2012 asked respondents about their daily frequency of fruit juice consumption, not daily servings. While the frequency reported by each respondent may not equate to an equal amount of servings of juice consumed, the differences in the serving size relative to respondents' reported "frequency" is assumed to be similar across all SES levels. The assumed non-differential misclassification of servings to frequencies of fruit juice would bias the results toward a null finding. A study on daily servings of fruit juice consumed by Canadians is warranted to determine whether an inverse association between SES and servings of fruit juice holds. Measurement error was introduced by converting all respondents' estimations of frequency of fruit juice consumption to a daily frequency if fruit juice consumption was initially reported within another time frame; the rate ratios provided in Table 2 should be interpreted accordingly.
CONCLUSION
Daily fruit juice consumption has been cited by Health Canada as a possible dietary concern because of high free sugar intake. 7 While communication of this impact to the broad Canadian population may reduce fruit juice intake, this study has shown that other social and economic factors, like the cost of fruit juice, may take precedent in low-SES neighbourhoods. Environmental and policy interventions have been described by WHO and other health organizations as the most promising targets for population-level improvements in nutrition.
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